The structure and btomass of Poecdocetus plctus population m four fields m Bangalore were estimated by d~rect observaUon method Results on the density of P ptctus, the survworshJp curve of the grasshopper and the growth of the population are reported
Introduchon
Ever sirtce Lmdemarm (1942) published the classical paper on trophic dynamics, studies err productivity have mostly been made with estimatlorts err rate artd efficiertcy ofertergy flow through differertt trophic levels (e g., Odum 1957 , Golley 1960 However, the complexity of art ecosystem, the fluctnatwg ertvlrolxmental factors artd the diversity of faurm and flora have beert forcirtg ecologists either to choose a simple ecosystem for estimation of qnarttum of energy transferred from one trophtc level to the other (see Ertgelmarm 1961), or to study the productivity of the key species in a complex ecosystem (e g Saito 1965) Thus efforts were made to choose a simple ecosystem or to simphfy the complexity m the food chain by choosirtg only the key species from orte or more trophtc levels brutes like the grasshopper Poecilocerus pictus (Acridiodea; Orthoptera) and the monarch butterfly Danaus chrysippus (Danidae; Lepidoptera) are the only major primary consumers of the plant; P. pictus, in turn, is predated by art invertebrate secondary consumer, the praying mantis Mantis religiosa. The presence of glycoside poison in C. gigantea has enforced a natural simplification of the food chain and the food chain is almost isolated from the rest of the food web in any chosen ecosystem. Thus, C. gigantea ~ P. pictus ~ M. religiosa food chain in an ecosystem offers an excellent opportunity for estimations of rate and efficiency of energy transfer from producer to consumer populations. The present paper reports on structure, biomass and energy transfer through the grasshopper Poecilocerus pictus population in chosen Bartgalore fields.
Meterials and Methods

I. The fields covered
(i) Sarrakki, a small field of 5,000 m 2 situated 15 km south of Bangalore, (ii) Hindustan Aeronautics Limited (HAL), a field of 5,600 m 2 situated in Bangalore Airport, (iii) Eblur field of 30,000 m s area, a site for military exercising and (iv) Hindustan Machine Tool (HMT) field, sitnated in Jalahalli, a field of 5,000 m 2 bound by a railway track on one side and factory and residential areas on other sides. The HAL, HMT and Sarrakki fields are either protected by natural and mac-made boundaries, and the Eblur field was free from human and other animal intervention on C. gigantea -> P. pictus --+ M. religiosa food chain due to firing exercises for six days in a week. Population study was made in Sarrakki during 1970 and 1971, while in the other three fields, it was restricted to 1971 only.
The producer
In addition to the chemical defertce developed in it, C. gigantea, a perennial shrub is almost of no economic importance and hence least disturbed by man, cattle etc.
Consumer
For the following five reasons P. pictus was chosen as the consumer species : O) P. pictus ejects a stinking fluid, when disturbed artd hence eve,. in residential areas like Sarrakki, it is least disturbed. (ii) It feeds mainly on C. gigantea and hence prefers to remain mostly oix one host plant, throughout its life; the just hatched hoppers wander from their hatching burrows in search of the host plant. As hatching occurs in mass, the plant nearest to the burrow is the first attacked; if the plant is completely destroyed, the hoppers migrate to nearby plants during the first two instar periods, covering a maximum distance of 200 m. Mature females move about in search of oviposition site in the vicinity of the same plant. For these reasons, P. pictus may be regarded as almost sedentary, occupying more or less one and the same plant throughout its life. (iii) There is only one generation of P. pictus in a year and so hatchiJxg, maturation, breeding and mortality are more or less synchronised.
(iv) P. pictus is a large (grows to 4 to 7 g) colourful grasshopper, which seldom escapes the sight of an observer.
(v) P. pictus on C. gigantea can be closely observed and without disturbance.
Further it is possible to assign each individual to its sex and lifo stage noting the key features (table 1) .
Esthnation of biomass
Regular fortnightly visits were made to the chosen fields. Each C. gigantea plant in the field was closely examirted; the number of P. pictus on it was counted and every individual was assigned to its sex and life stage. 
Results
Population density
A glance of figures 1 to 4 reveals that during a calendar month hoppers belonging to a minimum of 2 life stages (e.g., March and November) to a maximum of 4 life stages (e.g., July) were present. The possible causative factors responsible for this deviation from synchronised population growth are: (i) Hatching occurred throughout March and April; those hatched during early March matured in July, while those hatched during late April were passing "through the 1V/V instar, and (ii) Individuals of the same brood and those hatched simultaoeously did not moult to next instar on the same day even under controlled laboratory conditions; the magnitude of such individual variations irt moulting is magnified as a hopper grew older (see Delvi 1972) . Maximum deo.sity of P. pictus (in terms of number) occurred in the chosen fields during March-April, when hatching takes place. From the respective maxima, the deo.sity decreased--the decrease being the fastest irt HAL (figure 2) irt comparison to Eblur (figure 3) and Sarrakki (figure 1) --as the calendar monlh advanced, except in the HMT field (figure 4), in which the decrease became apparent only after August ( figure 5 ). An important biological agent causing hopper mortality is the parasitic sarcophagid Blaesoxipha kaesmeri; as much as 10-5~ of the observed I instar P. pictus individuals succumbed to death in the laboratory (Pandiart arid Delvi 1973) . P. pictus collected from all the chosen fields barring those from the HMT were found to be infected by B. kaestneri. However, hopper mortality due to parasitic infection has not been separately estimated in the fields. The maximum density of the I and II irtstar P. pietus was observed during March--April. Subsequently, the dortsity decreased, as hoppers passed through III, IV and V instars. Thereafter, the density of the VI instar and adult irtcreased ; this increase is mainly due to the fact that the duration of these life stages is extended for a period of over 40 to 130 days. Sarvivorship curves for either sex are separately shown in figure 5. Typically, these curves are convex and more or less similar to the one established for Drosophila (see Odum 1971) . This fact may reveal that the decline in population size, especially from October is controlled by endogenous (intrinsic population processes; Price 1975) . The growth of the HMT pgpalation, which was not subjected to ertvironmeatal stress of parasitic infection, also followed the typical convex pattern very similar to those of the HAL, Eblur and Sarrakki populations, which suffered considerable mortality due to infection by B. kaestneri.
The different patterns of sarvivorship curves obtairted for different insects have beert brought under two major categories: Category A representing those for which a concave curve is obtained (e.g., the grasshopper Parapleurus alliaceus, Nakamura et al. 1971) and Category B representin.g those with convex carves (Price 1975) . From the survivorship curves available for 19 insect species, Price (1975) concluded that those with concave sarvivorship carves, were subjected to over 70~ mortality before they reach mid larval stage and those, with covex survivorship carves, were exposed to less than 40~ mortality before reaching mid larval stage. Pandian and Delvi (1973) reported that due to infection by B. kaestneri, 22~ of the laboratory reared P. pictus succumbed to death before reaching the midhopper stage.
Biomass
Biomas of P. pictus ranged from 1 to 43 and 1 to 347 gcal/m ~ for Sarrakki field daring 1970 and 1971, respectively, 0.2 to 96 gcal/m ~ for the HMT field, 1 to 120 geal/m 2 for Eblur field and 36 to 1,330 gcal/m ~ for the HAL field (figure 6). From the respective initial values in March, increase in the biomass showed a typical log phase of growth during the period from March to May, a steady asymptote level during the period from June to September, when the population was under irttensive seleztioa pressure and subsequently declined daring October-December. Thus, population growth of P. pietus, expressed irt terms of biomass, as a function of time, follows a typical sigmoid growth carve.
The year-to-year fluctuation irt the biomass of Sarrakki population gives an idea about the annual variations, to which P. pictus population in the other fields could be subjected to. Mean biomass for the Sarrakki field averaged 33 and 59 gcal/m 2 for the years 1970 and 1971. The corresponding values for the year 1971 were 63, 70 and 638 g cal/cm ~ for Eblar, the HMT and the HAL fields, respectively. Maximum biomass values available in the literature range from 75 geal/m ~ for Orchilimum in the salt marsh of Georgia (Smalley 1960) , to 3,525 gcal/m ~ for Melanoplus ia the grassland of Tennessee (Van Hook 1971) . The values obtairted for P. pictus in different Bartgalore fields fall within the reported range.
Energy budget
To obtain ertergy budget of P. pictus population, data on density, age structure and sex of populations reported for the fields were related to the respective feeding, assimilation and cortversion rates estimated for P. pictus reared in the laboratory at 26°C (table 3) . For this purpose, the following formulae were used:
Ecological energetics of grasshopper
1000 x a K=K' × MW× N×t (3) 1000 × a whore C is the consumption, C,, the feeding rate (gcal/kcal/day), MW, mid-calorific corttent of the individual, .~, the mean density, t, the time interval between two successive estimates, a, the area of the field (m2), A, the assimilation, .4,, the assimilation rate, K, the conversion, artd K,, the conversiort rate. Since rates are calculated per kilocalorie, the 1000 in the formulae remains constant. The data thus obtained are presented in tables 4 and 5 to show the life stagewise contribution of P. pictus to energy transfer in the chosen Bangalore fields. The following generalisations may be made : (i) In all the fields, adult females and VI instar males contl ibuted the largest share to the total energy budget of the population. Despite their largest number and the highest rates of feeding, assimilation and conversion, Tables 6 artd 7 show energy budget of P. pictus populations in different Bangalore fields during the period from March to December. In all the chosen fields, energy transfer from C. gigantea to P. pictus populations showed a rapid increase from the respective minimum values in March to the highest values in May. This was followed by a period from June to August, when the rates of consumption, assimilation and production by P. pictus were steady. Subsequently, those values dwindled almost to zero in December. It may be recalled that the period from March to May represented the log phase of growth, and June to September the steady state of population density. Clearly, the duration from May to S~t~nber represents the period of active consumption and production of P. pictus population; as much as 60 to 70~ of annual consumption and production occurred during this l~riod. Faecal matter equivalent to 10,086 and 3,100 g/m ~ was defecated during the active period of growth in the HAL artd Eblur fields. It is during this period that there were frequent monsoon showers, which perhaps facilitated faster decomposition artd hence the return of organic matter to the soil.
Of the four fields studied, consumption of C. gigantea leaf by P. pictus population was the highest in the HAL field and it amounted to 16 kcal/m2/year; it was were 0"2, 0.3, 1.7 and 6'0 kcal/m-"/year, respectively (table 8) ; of these, about 15~o is ch~rmelled through secondary production by P. picttts pepulation. Qasrawi (1966) and Hinton (1971) reported the maximum biomass for the grasshopper Chorthippus paralellus and the spittle bug Neophilaneus lineatus, respectively; the work was carried out in the adjacent sites of the Devon field in England during 1965. Hinton reported that these two insects co-exist and feed on the same host plant and hence both these insects are given equal opportunity to grow in that field. Under these Table 10 . Data on maximum biomass (gcal/m 2) of some insects (values reported in dry or wet weight were converted into energy considering 5000 gcal/g dry weight (Golley 1961). Smalley (1960) and Weigert and Evans (1967) . However, P. pictus spends about 60~o of the assimilated energy Oll metabolism whereas the orthopteran populations expended as much as 84% of the assimilated energy on metabolism. One reason for the difference may be that P. pictus is almost sedentary; but the other orthopterans are very good walkers and runners, if not fliers. It is known that the cost of transport for locomotory activity is very heavy, especially for such small insects in comparison to larger mammals (see Price 1975) .
Another important result of this work is the theory of endogenous regulation. The available theories on pop,alation regulation process have been classified into two categories by Price (1975) : (i) Exogenous population process, in which densitydependent factors like predation, food and space predominantly regulate the popt~lation size. (ii) Endogenous population process, in which factors like pathological effects in response to crowding, process with the genetic component, soci~ 1 interaction and dispersal regulate the population size.
As P. pictus accumulates the poison gained from C. gigantea, only a few predators feed on it. However, it is infected by B. kaestneri. Though mortality due to the parasitoid infection has not been separately estimated in the fields, it has been clearly noted that P. pictus was not infected by B. kaestneri in the HMT field. The survivorship curve obtained for P. pictus populations in all the fields showed an uniform trend, indicating that the parasitoid B. kaestneri was not a very important exogenous agent in the regulation of P. pictus populatiorL.
Secondly, the exploitation efficiency of C. gigantea leaf by P. pictus population ranged between 0.25 to 11"3~ and averaged 3"4%, which is comparable to the efficiency values available in the literature for leaf feeders (see Price 1975) . In the HMT and Sarrakki, the productivity of C. gigantea ranged from 245 to 294 kcal/m2]year, but the exploitation efficiency by P. pictus was less than 0"27~o. Oa the other hand, the efficiency was as high as 11.3% in the HAL field, in which C. gigantea productivity was the least (142 kcal/m~/year). Hence the availability of food is not a limiting factor for herbivores (Ricklefs 1973) , especially for the leaf feeders like P. pictus.
Thirdly, C. gigantea appears not to limit P. pictus even as habitat. For instance, tin Eblur field, there were as many as 336 C. gigantea plants, where the mean biomass of P. pictus was only 63 gcal/m 2, whereas as few as 150 C. gigantea in HAL field supported the largest biomass of P. pictus (638 gcal/m~). Clearly, the extri~.sic factors like predation, food and space appear not to contribute one way or the other to the regttlation of P. pictus population. Therefore, it is concluded that intrinsic population factors may control the population size of P. pictus.
